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Introduction 
 
This report describes progress to date for the above referenced DOD grant.  The 
objective of the study was to employ a novel mouse model of CML blast crisis to 
characterize various forms of leukemia stem cells (LSC) and their relative properties.  
In particular, distinguishing how differing normal target cells contribute to disease 
pathogenesis was regarded as an important priority in establishing relative 
heterogeneity of LSC. 
 
Body 
 
Task 1: To determine the biological properties of BCR/ABL+ LSC arising via mutation at 
different stages of lymphoid differentiation (Months 1-6): 
 
We have completed a detailed series of studies on the developmental origin of LSC 
using retroviral gene transfer into various stem or progenitor cell populations.  The data 
show: 

 
1) Expression of BCR/ABL in HSC of Arf null mice creates a mixed lineage 

leukemia in which both acute lymphoid and myeloproliferative populations are 
evident.  In the majority of animals, the lymphoid disease ultimately expands and 
is lethal.  The data indicate that while both lymphoid and myeloid developmental 
fates are possible, the lymphoid disease is more aggressive.  The frequency of 
leukemia-initiating cells in this model is approximately 1 in 2000 cells (see figures 
1-2 below). 

2) Expression of BCR/ABL in CLP or ProB populations from Arf null mice only 
creates an acute lymphoid disease (Figure 2).  The frequency of leukemia-
initiating cells in this model is approximately 1 in 200 cells.  The 
immunophenotype of bulk tumor is consistent with a pre-B cell ALL.  The 
immunophenotype of leukemia-initiating cells is Sca-1+, VLA-5+ (Figures 3-4), as 
assessed by in vitro colony-forming ability. 

 
Task 2.  To determine the relative drug sensitivity of LSC that arise in distinct 
stem/progenitor populations (Months 6-12): 

 
The primary objective of these studies was to determine whether the drug treatment 
is cytotoxic to LSC in the above referenced model.  The drugs evaluated were 
imatinib and the parthenolide analog DMAPT (dimethylaminoparthenolide).  
Treatment of LSC arising at different stages of development with imatinib showed no 
differences (data not shown), suggesting that all forms of LSC are equally resistant 
to this type of drug.  In contrast, treatment of varying LSC with DMAPT showed 
strong cytotoxicity (up to 90% cell death in vitro).  However, again, we detected no 



 5 

differences between LSC arising at different developmental stages.  While very 
limited with respect to the types of drugs tested, these findings do not support our 
original hypothesis, which proposed that LSC from differing developmental origins 
may display variable drug sensitivity. 

 
 
 
 

Key research accomplishment 
 
Validation of the BCR/ABL + Arf null model as a system in which LSC pathogenesis 
and drug sensitivity can be studied. 
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Reportable outcomes 
 
Overview of experimental design 
Enriched cells from Ink4a/Arf-null (exon 2 & 3 deletion) Arf-null (exon 1  deletion) or 

wild type C57B6 mice were transduced with retroviral particles to express 
p210BCR/ABL and GFP.  Enriched cells include: hematopoietic stem cells (HSC), 
common lymphoid progenitors (CLP), ProB, and PreB populations.  The cells were then 
transplanted into cohort of sub-lethally irradiated wild type recipients through tail vein 
injection. 10 to 14 days post transplantation, peripheral blood of primary recipients were 
collected to evaluate possible disease progression via analyzing the morphology and 
amount of total white blood cells (WBC), percentage and lineage marker of GFP 
positive cells. 
 

Fig. 1 
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Figure 2 
 
Phenotypic analysis of animals transplanted with retrovirally transduced HSC, CLP, 
ProB  or PreB cells from Ink/Arf null mice.  The myeloid vs. lymphoid nature of the 
disease varies as a function of developmental origin. 

 

A. 

 
 
B. 
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Figure 3 
 
BM cells from B-ALL recipients were stained with surface antigens: B220, CD19, Sca1 
and VLA5.  GFP positive B cells were selected and further sorted into 4 different groups 
(VLA5+Sca1-, VLA5+Sca1+, VLA5-/Sca1+, and VLA5-/Sca1-), which were each 
assayed for colony-forming unit (CFU) ability. 
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Conclusions 
 
In wild type mice, only BCR/ABL mutation at the stem cell level is sufficient to induce 
disease, and such disease is almost always myeloid.  In contrast, these studies 
demonstrate that loss of Arf function is a critical determinant defining the nature and 
prevalence of LSCs.  In the absence of Arf, LSC can arise from multiple 
developmental stages (HSC, CLP, ProB, PreB).  Moreover, the type of disease can 
vary as a function of the particular developmental origin, with most manifestations 
being lymphoid.  These findings indicate that loss of Arf function is sufficient to 
induce the transition from CML to lymphoid blast crisis.  Further, the data suggest 
that the developmental stage at which blast crisis evolution occurs can vary.  We 
speculate that acute disease arising from varying developmental stages may display 
differing biological properties.  However, in the studies performed for this project, 
differences in drug sensitivity amongst varying forms of LSC was not observed.  The 
studies outlined above provide a model system in which these theories may be 
further explored and new therapeutic options may be evaluated. 
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